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4 INAUGURAL ADDRESS. 

fullest extent possible, believing that it will be the best national 
investment we can find. So much for general education. 

What about Technical Education ? This I think is very far 
from being in a satisfactory condition, and that a great deal of 
the money spent on so-called Technical Education is wasted. 
Technical Education, in my opinion, can only be carried out in 
specially equipped schools provided with highly trained special 
teachers, and taught at a time when the brain of the taught is 
in a right condition for receiving what is offered to it, and which 
cannot be at the end of a fair day's work. In my opinion it is 
a mistake to expect that a youth, after having completed his 
day's work, either in a school or workshop, should or can reap 
sufficient advantage from attending a night school for the 
purpose of receiving special education, to make it worth the 
labour and cost. 

The practical education of our youths in engineering, and in 
allied trades, must necessarily be obtained in the workshop, as 
no workshop- school can be kept up to date in the methods and 
systems of construction, which are changing from day to day, 
and as these schools have not the incentive of commercial success 
to spur them on, there is not the inducement, even if they had 
the knowledge, to keep them fully abreast of workshop practice. 

Speaking as one who has had something to do with youths 
who have had a so-called practical training in these school- 
workshops, one of the first things to be done with them is to 
unlearn them in almost all the things they have been taught. 
I would have it that when a youth had finished his general 
education on the lines I have previously drawn your attention 
to, he should spend two to three years in the workshop, and 
then if he has the desire and the mental ability he should 
continue his workshop education as a half-timer, and the 
remainder of the day should be spent in a technical school 
iwitMd.^tii Oxe requisite teachers and appliances. 
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in many of the exhibits appertaining to engineering there was 
a combination of the two, which whilst very pleasing to the eye 
admitted of no fault being found with the mechanical 
construction. Whilst bringing this indictment against ourselves, 
I think it is only fair to say that so far as locomotives are 
concerned we certainly lead the world in the combination of 
the useful with the beautiful, and further, I may say that our 
cousins across the Atlantic are far worse sinners than ourselves 
against the canons of good taste. 

THE MACHINE QUESTION. 

At the present time there is a matter of vital importance in 
front of engineers and the mechanical trades generally. I refer 
to Automatic and semi- Automatic Machines, their use, and the 
men who have to use them. As you all know the machine 
question was one of, if not the principal question that led to 
the great strike and lock-out of three years ago. This question, 
in an accentuated form, is again coming to the front, and it is 
the fear of trouble again arising on this matter, which is no 
doubt hindering to a large extent the adoption of these labour- 
saving machines in our workshops. How far is the fear of the 
consequences to deter us from adopting what the condition of 
the times and of outside competition will in the very nature of 
things force us to adopt, is a question which will have to be 
solved (and I hope once for all) ere long, as the forces of Trades 
Unionism are again being got into line to oppose the introduc- 
tion and the use of these necessities, and the history of the early 
days of the 19th century, in a modified form, is, it is much to 
be feared, about to be played in the early day«( of the 20th 
Century. 

It is not within the personal recollection of any of us, the 
opposition that was made to the introduction of machinery for 
ihe mannfactnre of yam, and of the power loom for weaving, 
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were a negligible quantity. At the beginning of the 20th 
century they seem to hold the key to the situation." 

Can we say that the words are untrue, or can we say that 
they are overdrawn ? I accept them as being a fair statement 
of the condition of things as at present existing. The four 
cardinal points mentioned in the article I endorse to the fullest 
extent, and can only urge one word in justification of one of 
them, ** insufficient specialisation/' and that word is that most 
of our English businesses have grown from small beginnings, 
and at a time when requirements were less ; when a man to 
keep his works going had to turn his hand to whatever work 
came in his way. This reproach I think is gradually being 
removed, and I think we shall travel faster in this direction 
than we have hitherto done. Our go-ahead friends on the other 
side of the Atlantic have profited by our experience and 
mistakes, and have, as they always aim to do, gone one better 
than we have. 

To confirm my opinion as to the action of trades unions with 
regard to the introduction of labour saving machines, I give 
you an extract from an article by a labour leader, which 
appeared in the Manchester Evening News of the 6th inst. 
^* We are living in the age of machine inventions and improve- 
ment. The 20th century will, undoubtedly, mark advances 
hitherto undreamt of in this respect. No matter what the 
trade unions may say it is inevitable that automatic machinery 
should be watched by what is termed unskilled labour. 
Automatic machinery ought in the very nature of things to be 
watched by automata. Men with highly trained intelligencies 
should never allow themselves to be reduced to the level of self- 
acting machinery ; such work belongs to a low order of 
intelligence, and the wages of skilled labour cannot permanently 
be insisted upon for the performance of duties which of right 
belong to the unskilled. The Amalgamated Society of 
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placed in the way of enterprise and progress in regard to these 
essential points, there is no doubt that England will hold its 
ovm in the competition of the future. 

The proposition was carried with acclamation, and Mr. 
Hodgson briefly acknowledged the same, and the proceedings 
terminated. 
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work is one that cannot be settled upon mathematical lines, as 
so many influences of the widest possible character are brought 
into the settlement — such as mental capacity, environment, 
temper, disposition, energy, conditions of health, monetary 
requirements, and many more, not excepting the human 
element. 

There are, moreover, three widely different interests to be 
taken into consideration: — First the Youth, who certainly has a 
very close interest in the matter ; Second the Parent, who must 
take the second place ; and Third the Employer, whose interests 
whilst important are subsidiary to that of the other two. 

The Youth, — One of the great difficulties in dealing with boys 
who are approaching a suitable age for commencing work is the 
strong desire they all possess for a change, the discipline and 
monotony of school life acting upon them with such force as to 
lead them to think that anything will be better so long as it is 
a change. This I think is the factor that will first have to be 
taken in hand, and school life so ordered that a youth at school 
at such an age shall find that school life can be made so 
nteresting that, while not eliminating the desire for change, 
which is inherent in the youth say from age 12 and 13 to 18 or 
more, it shall be so counteracted that he may not only be 
willing but be actually interested in the pursuit after a higher 
standard of education. 

Education, in the majority of cases and to the majority of 
boys, is not made sufficiently interesting. To most it is a dull 
round of what appears to them to be useless cramming, and one 
of the first things to be taken in hand is not only to make 
learning interesting, but to make the boys think so ; this will 
have to be done by having great variety in the lessons and a 
sufficient number of competent teachers, so that the classes 
may not be so large but that each teacher can take a direct 
personal interest in each boy. 
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boy at school for a longer peiiod that he may obtain a better 
education, and so better equip him for the battle of life. 

The Employer. —The employer stands altogether on a different 
platform to either of the other two. His interest is to get a 
better educated class of employees, for whatever the kind of 
employment, the workman who has the power of thinking will 
naturally make a more helpful workman than one who has only 
the rudiments of this power ; this applies with striking force 
to the engineering trade, where in every branch or department 
the power of thinking on right lines has a material influence on 
the quantity as well as the quality of the work performed. 
I think engineering employers are all pretty well convinced that 
to raise the age when a youth should commence work would be 
to his advantage, and if the extended period is spent at school 
acquiring useful knowledge, that it will be to the advantage of 
the one who will ultimately be his workman. 

A youth at 16 may reasonably be expected to be more staid, 
and have a more definite view of his opportunities and responsi- 
bilities than one of 14, and although the period of apprenticeship 
may be shortened, I venture to say that as a workman, when 
he arrives at that stage, he will be the compeer of the one who 
commenced at the earlier period, and certainly if the two years 
has been fairly well spent at school, always provided that the 
schools have kept the boy interested for the extended period. 

Summarising what I have said, I am of opinion that the 
school period should be extended, and that schools should be 
so organized that the curriculum for the extended period should 
be such as not only to keep the boy interested in his studies, 
but that his studies should have as direct a bearing on his 
future occupation as possible, and so ensure that the working 
man of the future should be in advance, and as far as possible 
in advance of the present workman, as the scientific require- 

lents of the future appear likely to demand. 
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school or college for a longer period, they would have the 
advantage of a higher education, and it would be well if such 
included the classics. It had been conclusively proved to 
him by employers who had enjoyed such an education, that 
the mental training obtained in studying the classics had 
been of great benefit to them. Taking the third class he 
would lay particular stress upon the education of the distri- 
buting element, which he thought was not receiving sufficient 
attention in this country. The distributing element was a 
very important factor in any establishment, and any man 
engaged in it should be well educated, able to express himself 
clearly, of ready resource, and possessing a knowledge of the 
geography of the world and the products of various countries, 
whilst he should also be a good linguist. He should also be 
well up in political economy and the principles of supply and 
demand, and above all, should have an ample share of what 
they in Lancashire called nous. The above were a few of his 
ideas as to the proper education of the three principal classes, 
but he did not, of course, mean that facilities should not 
be given to enable anyone to rise to the highest rung of the 
ladder ; in fact, the proper grading of education would be an 
important factor in this direction. 

Mr. J. H. Reynolds (Director, Manchester Municipal 
Technical School), said he was glad that the Board of 
Education was beginning to seek for information, as it was 
high time that that body brought itself into touch with the 
great industrial needs of this country. There had too long been 
too little thinking at the head of affairs, and hence the present 
muddle and chaos in regard to the great question of education. 
With regard to Mr. Webb's remarks, he would urge that it was 
t the basiness of education, so far as it concerned our 
^thin the present school age limit of 14, to take 
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their men of genius and talent had sprang from all parts of the 
country pointed to the importance of taking general rather than 
special views in the education of the children. He was glad to 
hear Mr, Webh speak with approval of the idea of letting 
apprentices have, say, two afternoons a week off, so that they 
could attend some properly staffed and equipped technical 
school. If employers would only let those who had the 
management of such schools know what they wanted, he was 
sure satisfactory arrangements could be made. At any rate he 
was sure his own Committee would be delighted to put the 
large new school they were building at the service of the great 
industries of the district. 

The Board of Education and Home Office, in seeking infor- 
mation, would naturally find a very different response from 
different parts of the country. In many districts there was 
great difficulty in keeping the children at school beyond certain 
ages, owing to the industries of the district requiring their 
services at as early an age as possible, and there was also the 
half time question which was still favoured by many parents ; 
but he thought that when they considered what other poorer 
countries than our own were doing, in the way of keeping the 
children at school up to a certain minimum age, they would see 
no reason why we should not make some Improvement in this 
direction. Then again, the education should be made as human 
and interesting as possible, so that the boys would take delight 
in what they were doing. If that were done, boys would not be 
so ready to leave school as they were now. 

The statistics as to the proportion of boys at the schools that 
were in the seventh standard bore eloquent testimony of the low 
condition of education. He thought sometimes that if they were 
to shut up every technical school in the country and devote the 
money to secondary education, pure and simple, of an entirely 
<(eneral character, they might perhaps be doing even greater 
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commanded the highest wages, were drawn chiefly from boys 
who had passed the highest standards. 

Mr. W. Ingham said that on the question of the employment 
of young people a very formidable indictment could be framed 
against employers, particularly engineering employers, and 
perhaps in this district more than in any other. There were 
many parents who would be quite willing to keep their children 
at school for a longer period, but were met by the difficulty that 
many employers would not take lads above a certain age into 
the shops. If the employers of this district would accept lads 
at 16 or 17, they would have no difficulty in getting an ample 
supply. Employers might also allow the lads facilities for 
getting education during the day some time in the week. 

Mr. Alfbbd Saxon said he left school at 18^, but he for one 
was certainly in favour of raising the age, and he would even 
be prepared to move that this Association was in favour of 
raising the age one year. He thought that for the good of the 
boys and girls of the country the minimum age for leaving 
school ought to be increased. 

Mr. Thomas Ashbuby said he was prepared to second such a 
proposition. He had recently been discussing the question with 
an educationist in this district, who expressed the opinion that 
no matter what was done in the way of technical education, a 
sound general education must be given, which was the only 
foundation on which any subsequent technical education could 
be based. Up to 14 or so the education must be general, and 
after that should be as specific as possible in the line the bent 
of the lad's mind seemed to follow, and employers ought to give 
their apprentices facilities for bringing out their particular 
^JentB in continuation or technical schools. 
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training in engineering, prior to special training, corresponded 
to the good ordinary education which should be given to 
school children before any attempt was made to give instruc- 
tion in the direction of any special industry in any specified 
line. Until the mind was properly trained and educated in such 
preliminary fashion they should not endeavour to give any 
special tone or direction to the thought of the pupil. 

The PsEsmENT said as he took it, the idea was not so much 
that there should be any particular age fixed, but that the 
standard of education should be raised. That was, that the 
time of leaving should be settled rather by a measure of capa- 
city than by age, and that this standard should be considerably 
raised before the children were allowed to go to work. 

Ultimately on the motion of Mr. Alfred Saxon, seconded by 
Mr. Thomas Ashbuby, it was resolved : — 

''That in the opinion of this meeting it is desirable that the 
school age should be raised at least one year, and that as far as 
possible the standard of education should at the same time be 
raised ; and further, it is of opinion that engineering employers 
would be prepared to accept a shorter period of apprenticeship." 



CORRESPONDENCE. 



In response to the invitation of the President for further 
views on the question from any members who were not present 
at the meeting^ the following correspondence has been received. 

Mr. J. A. Saneb. In responding to your invitation to give my 
views on this subject I have to say that it is one in which I take 
■great interest. 
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mach greater use than they are ever likely to be nnder present 
arrangements. 

I do not think it any violation of the true principles of political 
economy to say that any new system of Education should pro- 
vide for a gradual progress from the Board School to the University, 
provided the scholar is capable of such progress, but in any case 
I consider the age of 16 quite young enough to leave school, 
and do not think that with free education and the higher rate 
of wages, or as 1 would rather put it, the more even distribution 
of wealth, which is now taking place, there would be any 
hardship on parents. 

After a boy has left school, should he leave at the age 
of 16, it should be made a sine qua non for him to 
attend some form of instruction either during the day- 
time or in the evening, when he would learn the theoretical 
side of his particular trade. 

I am not, of course, forgetting the physical training, but for 
those who were able to progress to the higher grades, physical 
exercise would be provided, as it should be, and very often 
now is, provided in the first grade. 

Again, it has been recently demonstrated beyond contradic- 
tion that we must have men thoroughly trained, both mentally 
and physically, during their period of apprenticeship. 

I therefore very heartily approve of the motion of Mr. 
Saxon and Mr. Ashbury as a move in the right direction. 

Mr. Jambs Saxon. — I am strongly of opinion that most boys 
leave school far too early to have received that foundation 
of education which is necessary at the present day, in the 
engineering trade especially. It is therefore most advisable 
that the present school age and standard of education should 
be raised before work can be commenced. I am of opinion that 
no boy should leave school for work until he has attained the 



82 SCHOOL AND WORK. 

is a better foundation we need, and to further this end employers 
will not lose by shortening the period of apprenticeship. An 
afternoon or two a week for technical instruction is a good 
suggestion, which, with a little arrangement on the part of the 
heads of firms, could easily be carried into effect. It must also 
be borne in mind that in the technical schools the aim at first 
should not be to teach the details of any particular branch of 
the business, but rather those broad and general principles and 
processes which will readily apply to all the many ramifications 
of engineering. 

Mr. Alex Eea.* — Taking into serious consideration the keen 
competition that exists between the leading nations of the world 
for industrial and commercial supremacy, there can be but one 
opinion as regards the value of education if we are to maintain 
a leading position. 

It is of the utmost importance therefore, that our boys and 
girls should have the best possible education, which alone can 
place them in truer relationship to the world around them, 
giving to every one the chance of showing what is in him, and 
also enabling him to make the best use of what faculties he 
possesses. 

At the same time it cannot be too clearly un'derstood, that 
education merely develops, it does not create, and while culture 
has its limits, it must be admitted that we are still behind other 
nations at present as regards education. And it will be several 
years before our people collectively can be as well educated as 
the German and American peoples. 

Another obstacle is the necessities of many children's position, 
rendering it imperative that their help, however small, should 
be made available as early as possible. 

I ^m folly oonvinced that boys, especially those who aim at 
the engineering profession, should not leave school 
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SO enable them to produce work at a normal cost, and so 
compete with other nations. I certainly do contend that there 
is education to be gained in the workshop, and should be glad 
to see a better class of men obtained in a scientific and praotioal 
form. 

Mr. John Dutton. I am in favour of an extension of the age 
to leave school, and I have not the least doubt but that employers 
would reap the benefit, and especially by giving their yoaths an 
opportunity for progress during a few hours during the week 
for further knowledge in their respective trades, as they would 
then begin to know what they required. 
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bearings, and lessened trouble in other respects led him to think 
there was distinctly less friction. 

Then there was a saving of oil owing to its being used over 
and over again. This had been the practice in mills for many 
years, particularly in connection with main bearings, but not 
so much in regard to crank pins, crossheads, slides, &c. 
American engineers had adopted the idea of re-using all the oil 
distributed to the various bearings, but as compared with 
ordinary methods of lubrication and oil catching he certainly 
thought there was a saving of oil by the adoption of forced 
lubrication owing to the oil being used over and over again. 
Then there was the cooling action of the oil on the bearings. 
When they pumped oil on to a bearing with a pressure of 10, 
20, or 401bs. behind it, there was a very decided cooling action, 
owing to the great quantity of oil passed through the bearing. 
Further, higher bearing pressure per square inch and higher 
speeds were permissible. It was a common case that engines 
which had not worked well at all, owing perhaps to high 
pressure or surface speed, with ordinary lubrication, had worked 
well as soon as forced lubrication was adopted on them. 
Higher speeds were permissible because the pressure of oil 
served to force oil in between the surfaces. Turning to the 
disadvantages of the system, it might be said that oil pipes 
under pressure were liable to break through vibration, &c. The 
remedy was obvious, viz., good workmanship and perfectly 
designed pipes, and, possibly also, an air vessel on the pump to 
prevent shocks on the pipes. 

Another feature was that the lubrication of the engine was 
dependent on a pump. This again was simply a question of 
good design. With valveless pumps there was no trouble 
whatever. Ho did not think he could trace a single case where 

ffe had been trouble with an engine owing to the breakdown 
>f that kind. 
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sort of appearance a horizontal engine would present, if so 
closed in as to allow of forced lubrication without a good deal 
of oil leakage, he scarcely knew. Mr. Day had summarised 
the advantages and disadvantages very clearly. He, Mr. Saxon, 
certainly thought there was a saving of friction with forced 
lubrication on high speed engines. He would like to know if 
Mr. Day had had any experience at all with forced lubrication 
on horizontal engines. 

Mr. B. Gbegoby said it was a serious matter in high speed 
engines to prevent oil from going into the cylinder up the piston 
rods. The amount so taken up came to gallons per week. So 
far as forced lubrication was concerned, their firm found that in 
slow speed engines they had no trouble on account of splashing, 
the piston rods heing farther from the wells ; but in high speed 
engines, where the piston rods were lower down they ex- 
perienced some trouble in this respect. 

Mr. 0. H. Bebby said that ** forced '* lubrication only existed 
where there was an absolute force which forced lubricant on to 
a revolving shaft by separating the two rubbing surfaces. 
Unless there was this separation of the surfaces the lubrication 
was not '' forced.'' He might also point out that the fact of 
pouring oil over and over again on the bearing exercised a 
cooling action did not mean that there was no generation of 
friction. It was true that the '* fatigue '* of oil affected its 
lubricating property. As to the amount of pressure, he had 
known it possible to put lubricant between two rubbing surfaces 
at GOOlbs. pressure per square inch. It was quite possible to 
lubricate horizontal engines by pressure if the engine was 
properly designed for the purpose. 

'ti» A. EtohbiiLB referred to the tendency of the oil to creep 
ihftfty and ihe varioas devices that had been made to 
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of the L. Sc Y. Ry. Co., and under the Hunt's Bank Offices in 
Manchester. They were not running with forced lubrication. 
This somewhat affected the question as to water mixing with 
the oil and destroying its powers of lubrication. An important 
point in connection with forced lubrication was to have good 
joints to prevent leakage, and if that were done and valveless 
pumps used there should be no difficulty. 

Mr. Henry Webb said he had a high-speed engine, 100 IP, 
at 450 revs, per minute. Oil was forced in at a pressure of 
25lbs. per square inch, and there was no stand-by. It had been 
working night and day for over two years, and they had never 
had to stop for anything ; there was no difficulty with the oil. 
It was one of Bellis's high-speed engines, with a pressure on 
the piston of 1251bs. per square inch. The work was exceedingly 
irregular. This seemed to clash with Mr. Saxon's opinion on 
the matter. 

Mr. L. Massey said that at the Paris Exhibition eleven years 
ago he remembered seeing a certain railway which ran with a 
flat slipper, water being forced underneath. This was rather a 
noticeable instance of water lubrication. 

Mr. J. Mitton said that for flat surfaces it was possible to 
divide the metals, but for circular bearings it was impracticable 
to pump oil so as to actually divide the metals of a bearing. 

Mr. C. H. Bebby said it was not impossible to separate circular 
bearings, and he had seen it done to the extent of lOOlbs. 
pressure per square inch. 

Mr. W. Ingham pointed out that the soda in the mixture 
referred to by one speaker would have a saponifying action on 
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mills, and these have no spares, and have not the advantage of 
being shut down at meal hours for attention. 

We are all aware that oil is one of the most searching liquids 
known, and therefore must have special precautions taken to 
prevent its creeping action along shafts and through joints. 
Mr. Walton asks if the power exerted in pumping the oil does 
not counterbalance the gain due to reduction of friction in main 
journals. This is not so, as the power required on a 150 H' set 
is not more than quarter of 1 % of the total. The troubles that 
high speed engine makers have to contend against are — First : 
Want of attention to the oil in the chamber. I have seen cases 
where thick cylinder oil and castor oil were mixed and put into 
the engine base, and of course in a few hours' time this mixture 
was so thick that one could stand a two-foot rule up in it. 
Second : Want of attention to drain arrangements, &c., specially 
with ejector condensing plants. The water is allowed to collect 
and back up on the low pressure cylinder, and the consequence 
is a breakdown. They attempt to repair the job themselves, 
and if the connecting rod is strained they send it to the smithy 
to be straightened, and it is put back in the engine straight 
from the smithy, and of course something has to be out of line. 
This sort of work might do for slow speed engines, but not for 
those running 450 revs, per minute, where everything must be 
dead in line and square, if silent and free running is desired. 

Mr. C. Day said he considered lubrication " forced " when 
applied under pressure. The matter had been spoken about 
as if forced lubrication meant nothing if the oil did not actually 
force the surfaces apart, whereas it really meant a good deal, 
apart from that. He did not think the idea of forced lubri- 
cation at moderate pressure would apply to dead steady-loaded 
bearings, or bearings that did not work under reciprocating 
.pxesBores. In those cases they had no gap, and the low 
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of variation being by slipping the belts. This means that the 
crane starts too suddenly, if geared for a high travelling speed, 
and makes the load swing. Some years ago, in our own shop 
(before we changed our rope cranes for the electric driven ones) 
we altered the gearing of the cross traverse motion of one of 
them from about 50 to 60 feet per minute, and our men com- 
plained that this speed was dangerous owing to the load 
swinging. Our electric cranes now run up to 200 feet per 
minute, and one that only ran 80 to 100 feet was called (if I 
may be allowed to quote our foreman) **very slow," until 
we altered it like the others. 

The explanation of this di£ference is that although the electric 
cranes are geared to run much faster than rope-driven cranes, 
yet the gradual start from rest allows this speed to be attained 
without objectionable swinging. It is all a matter of the 
acceleration of the load and the more gradually a crane attains 
its maximum speed the less will the load sv^ing. For some 
purposes, as in erecting or foundry work, it is necessary to run 
slowly for a considerable time, and this can only be done on a 
rope crane by a troublesome change of gearing, while on an 
electric crane it simply means not moving the controller handle 
fully over until full speed is required ; it is available however 
immediately the delicate operation calling for slow speed is 
complete. 

The other advantage I mentioned was saving in power. To 
drive the rope alone takes a considerable amount of power, in 
some instances as much as 5 ff per 100 feet length of shop, 
and where this amount is smaller it means that the capacity of 
the rope for doing work has been reduced to too low a limit by 
reducing its speed. This waste of power is going on the whole 
time the crane is in use, whereas with an electric crane any 
waste of power that there is only continues during the actual 
movement of any given part. 
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cranes had given them the greatest possible satisfaction. If a 
crane proved suitable for foundry work, that was as severe a 
test as it could undergo. His own experience of electric 
cranes was not great, but if he were putting a crane down to-day 
he would certainly go in for electric driving. The speeds 
attained by some of the electric cranes were truly wonderful. 

He noticed that in the electric cranes at the Paris Exhibition, 
great attention had been paid by foreign builders to points 
which he thought should be observed in all good cranes. They 
were made with cut gears ; the worm ran in an oil bath ; the 
worm shaft and the hook were fitted with ball bearings ; all the 
motions were brought to the cage ; and every handle, in some 
makes, was made to turn in the direction in which the load was 
required to move. These were evidences of careful design that 
were worthy of note. 

Mr. Will. Heap said he scarcely concurred with Mr. Adamson 
when he expressed the opinion that a one-motor crane was worse 
than the old rope crane. In a pretty large travelling crane 
they could spend as much as 10 H' in driving a longitudinal 
rope, but when they put a motor on the crane they did away 
with that 10 ff , so that there was a distinct saving. It was 
not always convenient to spend a lot of money on a number of 
motors, and to say that one motor was worse than the original 
rope crane was to bar many from putting down a one-motor 
crane, when this might be an improvement on the old regime. 
Of course no one would deny that one motor for the motion was 
the proper thing. 

The method of obtaining a slower speed by the aid of the 
controller referred to by Mr. Adamson, would, he took it, be very 
wasteful, as the current would have to be choked down, and if 
it was done in the field of the motor there would be heavy 
[parking at the bushes owing to the distortion when it had to 
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As Mr. Adamson had suggested, there were a good many 
objections to the one-motor crane, in which they met with all 
the difficulties incidental to the electric crane, whilst they were 
not relieved of the difficulties, as regards gearing, that were 
experienced in the case of the rope-driven crane. 

REPLY. 

As Mr. Adamson was unable to be present at the meeting he 
subsequently sent the following remarks : — 

Mr. Whitehead has been very fortunate in keeping a rope 
crane running for 10 years for less than £5 in repairs, and also 
the President in being able to work a crane 11 years for d62, 
because in looking over our own records we find that when we 
had rope cranes one of them used five ropes in under five years, 
and another one, that was not working so hard, used six ropes 
in under ten years. As the ropes cost over £6 each, this shows 
that the cost of repairs of a rope crane is likely to be more than 
these gentlemen state, and also that, like everything else, a 
great deal depends on the amount of work done. 

It is not necessary to go to foreign builders for cranes with 
gears, or worms in oil baths, or ball bearings, or the various 
other matters that Mr. Whitehead noticed in the Paris Exhibi- 
tion, they can be obtained in this country from first class 
makers. 

Replying to Mr. Heap as to the waste of power when running 
slowly, I would repeat the statement made when opening the 
discussion, that the cost of power in an engineering shop is only 
a small percentage of the total cost of production, and that if 
you obtain the result you require you can afford the slight 
expenditure of power. 

I cannot follow Mr. Rea's argument about the efficiency of a 
rope traveller being 50 % because the rope does take some power, 
depending (as I pointed out earlier in the evening) to a great 
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extent upon its capacity for doing work, and this loss of power 
is going on continvmbsly , so that if the efficiency is 50% 
(assuming Mr. Bea's figures to he correct) when lifting the full 
load it will be very much less when dealing with smaller loads, 
or when allowance is made for the time the motions are at a 
standstill (while adjusting chains, &c.) owing to the constant 
loss due to the rope, 

Eef erring to Mr. Alfred Saxon's remarks as to the cost of 
power for working a crane, we have had figures given us of the 
cost of running one of our cranes that are much less than what 
he mentions. 

I hope Mr. Matthews will keep his promise and give us his 
figures as to the efficiencies, and also further details of the tests 
of rope cranes that he mentions. 
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diameter of the tapered shank by a succession of decreasing 
sizes of drills, say from Jtlis down to fths of an inch, as shown 
in sketch. 




TEST BAR. 

This is to prevent the bar from sagging at its extreme end 
which is left unsupported, and which is very apt to sag a 
thousandth or two, if this precaution is not taken. At factories 
where it is their good fortune to possess Universal Grinders, I 
would advise that this bar be ground, although by using a little 
care and skill, a very accurate bar can be produced on a lathe. 

Two discs mounted on lathe centres will also be required; 
these discs can be made of cast-iron, and about 10 inches in 
diameter,- about three-quarters of an inch thick; they must be 
turned the same size, and absolutely true on their diameters, 
and must be straight on the face for about one inch from the 
periphery, the remaining face of the disc can be recessed for 
clearance as in sketch. 





.-1 



TWO DISCS. 
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a manner that its pressure against the short end of the pointer 
will more than counterbalance the weight of the long end. 

These tools with two nuts for testing the lead screw, in all 
probability, would have to be made, a micrometer and pocket 
straight edge complete the paraphernalia. 

First, level up our lathe bed, for some lathes will bend and 
twist and accommodate themselves to an uneven floor, thus 
causing endless trouble. 

Let us then examine the bearings on the spindle with a 
micrometer or a caliper square to see that it is perfectly round ; 
many cases where inaccuracies were credited to poor centre 
holes, if investigated might be traced to a spindle that had been 
worn slightly elliptical. 

The spindle should show a good bearing in the boxes to insure 
the best of conditions ; this can be ascertained by smearing thin 
streaks of Prussian blue on the spindle bearing, and then turning 
the spindle in the boxes which should be tightened fairly snug. 
I recommend the use of Prussian blue, such as can be purchased 
in small tubes for the fitting of all small and particular work, 
because it can be laid on thinner and it contains no grit. This 
grit, which is so detrimental to all the bearings, is to be found 
in red lead, and more especially after it has laid a week or two 
on a fitter's bench. The centre recess should be concentric its 
entire length with the lathe bearings. To prove this, fasten the 
truth indicator in the tool-holder and apply the short end of the 
indicator pointer to the inside of the spindle and revolve it, if 
there is no inaccuracy the long end of the pointer will remain 
perfectly still. We can have recourse to a more severe test by 
placing the test-bar in the spindle and applying the indicator 
to the protruding end of the bar. 

To test the dead spindle, remove the key which prevents it 
*n& fovolying, then apply the test bar and indicator in manner 
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SO that the butt end of the micrometer would touch the same 
spot on the centre, they would then have tested the tailstock 
for alignment. 

(Mr. Wbnk : But you have not tested the recess in the inside 
of the dead spindle.) 

He was aware there was a fault in that respect, but they 
could do that also by the micrometer. He would then put the 
discs in, these being ground true. Starting with the first head- 
stock they put the disc in, and had the micrometer fastened on 
the carriage, and using the butt end, tested the disc ; then they 
turned it half way round and tested the disc again. 

(Mr. Wenk : But how do you get the vertical measurement ?) 

They did that by putting it on the bottom and turning it 
round. 

(Mr. Wenk : How do you lower and raise it to get the vertical 
line of the spindle ?) 

They tested the bottom independently of the sideways test. 
To ascertain if the thing was correct in the vertical plane, they 
tested by having it at the side. The horizontal plane was 
tested by having it at the bottom. These were two independent 
operations. 

(Mr. Wenk: I have used the micrometer, but have found that 
the best results were given by the indicator.) 

After testing the tailstock for alignment with the micrometer 
they could put a cylindrical bar between the centres ; put the 
micrometer in the carriage, horizontally first of all, and then 
try it at one end and the other. They had then a very fair 
test of the ways in which the carriage ran. 

Mr. Cook said he thanked the author for the hints given on 
the testing of lathes, many of which were new to him. With 
regard to the points raised in the discussion, perhaps they 
would excuse him saying they had rambled away from the 
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the mnumerable inBtances in engineering and the otber arts 
where heat is cequired to be transmitted from one fluid to 
another across a metal wall. 
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laboratory. And this, in the writer's opinion, for two reasons: 
Firstly, the selection of the proper system for any given case 
depends so much on fortuitous circumstances which are not 
amenable to scientific treatment; and Secondly, the cost of 
maintenance and repairs is so extremely important an item, 
and so difficult to pronounce upon by means of laboratory 
experiments, that it seems as if the larger question of relative 
economy of the systems must be left for settlement in the work- 
shops by those who have the opportunity of observing and 
comparing two or more of them in competition, and who are 
willing to undertake the labour of making the necessary 
measurements and keeping the required records. 

In the laboratory our studies would seem to be restricted to 
tests of efficiency, to the location of the various sources of loss, 
to experiments on the strength and proportions of different 
designs, and their relative suitability from the kinematic point 
of view. 

Even so, a very large field is open for work, the results of 
which should be of considerable practical utility. 

The last of the sections (E) into which we divided the subjects 
of laboratory research had reference to the adaptability for 
their work, and the economy in use of machines, by which 
mechanical power is applied to industrial purposes. 

I am not here to make out a special plea for the more 
extended use of the mechanical engineering laboratory by the 
practising engineer for the sake of the laboratory itself, so 
much as for the benefit which I believe would ensue upon such 
use to the engineer himself. It would be quite easy to fill up 
your time by recounting laboratory researches now going on or 
about to be undertaken, and which, whilst of great scientific 
interest, may also turn out to be of practical importance. 

Bather than ask your attention to examples which specially 
Atidgelyes to the laboratory and its methods, let us take 
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practice sacb as I have referred to, may smile, openly or other- 
wise, at these new fangled notions ; but in reply I will make 
bold to say that in the past all of us may have worked more or 
less in error, not only the men of theory but also the men of 
practice. Theoretical men have often been led to employ, on 
problems that can only be regarded as ingenious mathematical 
exercises, much time and mental exertion that would have been 
better bestowed on questions huving a closer connection with 
practical subjects ; whilst on the other hand the men who are 
distinguished by skill in judging of the qualities of materials 
and work, and in directing the operations of workmen by 
that sort of skill, in fact, which is purely practical and 
acquired by observation in business, have frequently been 
lacking in that higher scientific skill which can produce the 
greatest effect with the least possible expenditure of material 
and labour. They were content to use ** plenty of iron and 
very little brains " — as a French critic of English engineering 
puts it. 

The mechanical engineering laboratory seems, however, to 
open the door to the region where theory and practice will be 
completely harmonised. For here can be undertaken that close 
study of mechanical operations which is necessary for the 
correction of imperfect theories ; and here also can be secured 
that theoretical guidance which results from the insight so 
obtained into the true inwardness of the processes by which 
man utilises the forces of nature. 

In the above remarks I have attempted, very imperfectly I 
fear, to indicate certain lines of experimental work along which 
progress is desirable, as, by entering upon these, the scope and 
usefulness of our mechanical engineering laboratories could be 
very profitably extended. 

If the attempt to convince my hearers that something more 
ought to be done than is at present overtaken, the chief object 
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works as beneath them, and at the close of their term they 
remain as assistant teachers, and are lost to commercial 
engineering. Probably the establishment of such a laboratory 
as that described, in connection with the engineering depart- 
ment of a great technical school, will have the double effect of 
securing the interested confidence of the practising engineer 
and keeping the students in touch with actual work. 
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Bef erring to the diagram (Plate 5), he took it that the modus 
operandi in examining any piston will be as follows : — First one 
has to remove the two steel casings on the left hand side, then 
strip off nearly all the lagging, and then break the joint. In 
the sectional elevation drawing they would farther notice a 
feature of construction whereby the sliding face on which the 
valves work is the joint of the cylinder cover. Hence these 
joints come underneath the valve bonnets, which have to bear 
on two separate surfaces of metal — one belonging to the cylinder 
and one to the cover. Consequently, whenever the cylinder 
cover is removed, the valve bonnets have to come off both at the 
back and the front. 

The question of accessibility is of vital importance. He 
thought it highly desirable that in the space of an hour it 
should be possible to inspect and examine the important parts 
of an engine. With the ordinary Corliss type of engine most 
men could get out any valve from the back or the froiit, replace 
it, bonnet and all, and make the connection again, in an hour, 
and the same period of time would be sufficient to remove the 
back or top cylinder cover, and examine the interior of the 
cylinder. 

In making some tests of a set of engines at a large London 
electric lighting station, he fouDd every one of the pistons and 
valves seriously leaking, and, although the engines were of 
similar size and type and by the same maker, the steam con- 
sumption which should not have exceeded 151b. per IBP per 

hour came out as follows : — 

Steam per IHP per Hour. 
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motor for dynamo driving, all such difficulties had been over- 
come. In the neighbourhood of Manchester was a gas engine 
of 5dOIEP that could be started in 2^ minutes, it had been 
running over 50 days consecutively, day and night, without 
stopping, supplying electric light. Another engine had run 
over 136 days without a stop. He thought that in a few years 
time steam engine builders would find the gas engine coming 
into very close competition with them. 

Great advances had been made in the production of cheap 
gas, and to-day they did not depend upon coal gas ; at Northwich 
Mond gas could be supplied at 2d. per 1,000 cubic feet, and 
produced at a cost of •67d. per 1,000 cubic feet; and his firm 
now made gas plants which could compete with anything that 
the Mond gas people could do. 

It was interesting to note that one of the leading firms of 
steam engine makers, Messrs. Willans & Robinson, were, he 
believed, experimenting with a gas motor; was it because of 
fear that the trade might be diverted in the future ? 

The cost of power was the principal factor to be faced, and 
to-day good gas could be made from slack coal, say at 7/- per ton, 
and when put through the gas engine they could develop IBH* 
at cost of under ^. per hour. 

The governing of a gas engine was also much simpler and 
cheaper, and the parts were more easily got at for attention 
and repair. 

Some of them had no doubt seen the 600IP gas engine by 
Messrs. Cockerill, of Seraing, at the Paris Exhibition ; many 
thousands of horse power were being supplied by that firm on 
the continent for dynamo driving. 

In such a debate he personally thought it would have been 
inexcusable on the part of Manchester engineers if the gas 
engine, whose manufacture has added largely to the commercial 
rity of this city, had been overlooked. 
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to, say, the B curve with automatic expansion, or as shown by 
the curve with a throttle governed engine. 
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Now suppose from any given cause the whole load was thrown 
off very suddenly, then, until the governor has had time to 
re-adjust the supply of steam, there will be a turning moment 
excess of that required to maintain the speed of the engine 
measured by the intercepts between the curves A and B, or A 
and C as the case may be. This excess work done on the 
crank-pin could only be spent in accelerating the speed of the 
engine. It is evident that for any given type of engine this 
excess effort can be determined by comparison of indicator 
cards taken at full and light loads. 

The acceleration of a mass (m) is proportional to the magni- 
tude of the effective force (/), and the velocity generated will 
be proportional to the time during which the force continues to 
act. Thus it is obvious that in any engine, if the speed of 
revolution be doubled, the ultimate change of velocity will be 
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money by it. As to education the Americans had the advantage 
that their elementary training was of a more modern growth than 
ours, they had had no old prejudices to grapple with, and the 
national system of education there gave every lad a much 
better chance. 

As regards their works' methods, many of them were well 
worth imitation, and in this connection he was sure anyone 
acquainted with the new Westinghouse works would be struck 
with the amount of money that was spent in the provision of 
sanitary arrangements for the men. This could not fail to 
improve the morale of the workpeople. In meeting the 
American competition they must not be discouraged, they must 
determine to maintain the supremacy England has so long 
enjoyed, and be prepared to say ** We believe in fair competition 
and let the best win.'' 

Mr. Wood, in replying to the discussion, said that as regards 
workmen's houses he still held the opinion that England beat 
America considerably. He agreed that by taking people round 
their works they ought to be able to learn something from the 
visitor as well as show him something. The questions of 
education and shop costs were important subjects, which might 
well be dealt with in special papers. He might mention that 
when he saw Mr. Schwab, he was shown a paper containing 
particulars of the whole of the steel manufactured by the Steel 
Corporation three days before, in tabulated form. He hoped 
that by his paper he had helped to " stir them up,'* if he had 
done that he had accomplished all he had intended to do. 

On the motion of the Chairman a hearty vote of thanks was 
accorded to Mr. Wood for his paper. 
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Fig. 1, Plate 1, illustrates Mr. Norton* s machine, and on the 
table is shown some work done by it (see the two large samples). 

As I cannot improve upon the description given some time 
ago in the American Machinist, I have borrowed from it those 
parts that describe the general features of the machine. 

The American Machinist says : — " It is beginning to be quite 
clear that few men, even among those who have given most 
attention to the subject, have realized the possibilities of 
grinding processes as applied to machine shop work, i.e., to the 
finishing of parts of machinery. It has been for some time 
understood that many of the parts of machines, spindles, studs, 
bearings, &c., for machine tools, could not only be much better 
finished, but also finished at lower cost by grinding than 
by finishing them in the lathe, but no one has been able to say 
just how far this could be carried, nor how big the pieces might 
be that it would pay to finish by grinding. The designer, of 
the machine herewith illustrated, Mr. C. H. Norton, has for a 
long time believed that the grinder would be found an econo- 
mical factor of production on much larger work than it had yet 
been used for, but has recognised that there was no way by 
which he could demonstrate his belief, because there was no 
machine, and apparently there was none who had the requisite 
faith in grinding, or the courage necessary to build such a 
machine as he considered ought to be built, though the heaviest 
and most powerful grinders heretofore built are of his design. 
Mr. Norton, therefore, and a few Worcester friends have formed 
a Company to do grinding for the trade, as well as making 
these machines for sale. Some of this grinding has been done 
in a manner and at a cost that have astonished those for whom 
it ^vas done, and it will be interesting to glance at some of the 
features of the machine which did the work. 

At the beginning it should be said that Mr. Norton believes 
that where grinding is to be done rapidly and at the same time 
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the actual cost of fuel for welds in this process and in any open 
forge are stated to be about equal under continuous working 
conditions. This being so the electric method is much more 
economical with intermittent working. 

The strength of welds made by the Thomson process was 
tested by Dr. Kennedy, and found as follows : — 

Wrought iron bars Jin. to 2in. diameter, ratio of strength of 
weld to unwelded bar 89%. 

Bessemer steel 96*6%. 

ARC WELDING. 

Tliere are two or three methods of applying the electric arc 
to the welding of metals. The earliest application was, I 
believe, invented by De Meritens. It was developed and ex- 
tended by Benardos, whose patent covers two ways of applying 
the arc. The first and simpler method is that of striking the 
arc between the metal to be welded and a carbon pole forming 
part of the circuit. In the second method two carbons in a 
suitable holder are used either parallel or inclined towards each 
other in the same plane, and the arc is struck between these, 
much as in an arc lamp. The arc is deflected, generally by 
means of electro- magnets, and attracted or repelled towards 
the metal to be heated. This application has been develoi)ed 
more especially by Dr. Zerener, of Berlin, and its advantage is 
referred to later on. 

Mr. Charles I. Coflfin, of the United States, has also developed 
arc welding in various ways. 

The method I propose to describe more particularly is based 
on the simpler application of the Benardos invention, for 
welding by the direct action of the electric arc. 

The broad principle of the application of this system is as 
follows : — 

The current flows from the dynamo to the metal to be welded, 
from the metal to be welded to a carbon, from this carbon 
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END FUSED WELD. BARREL. 

The closed end which is flanged is fitted into the body, a 
strip is fixed on, both inside the flange of the end and outside 
the body to make a very strong chimb for the barrel, and these 
four thicknesses are then fused together without hammering. 

This exhibits the other type of weld mentioned — the fused 
weld. 

The open end of the barrel has an angle shelf fused into it in 
a similar way, the steel angle being made first into a solid 
ring with a hammered weld at the joint where its ends come 
together. It is completed before being inserted into the barrel. 

This barrel is shown because it has in it some pretty examples 
of the two types of arc welding practically applied. It will be 
seen that some of these welds could not be made by any other 
than the electrical method, for example, the thickness of the 
body is only 14-B.G. = 1-994 "^/„ or -OTSSin. No smith could 
weld this thin metal at the fire, and it is too thin for gas 
welding such as is usually employed for boiler flues, tubes, &c. 
Gas welding is not practicable for thicknesses less than ^in. 

The weld at the joint of the steel angle is a difficult one for 
a smith but easy with the electric method. Its quality may be 
judged by inspection as it is easily visible. 

HAMMERED WELD. 

As an example of thin welding there is also shown a weld of 
two steel sheets only 22-B.G. thick = '79 "*/„ or ^^n., which is 
a hammered weld, and a good specimen of very thin work ; 
probably it is the thinnest steel ever welded. 

STEEL TUBE. 

There is a piece of steel tube 2fin. diameter x iV^n. thick 
welded in the same way. This was welded and has been tested 
by Messrs Lloyd & Lloyd, who first introduced the Benardos 
process into this country. The test pressure was SOOlbs. per 
square inch internal hydraulic pressure. 
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The following are analyses of steel and iron before and after 
welding, which were quoted by Mr. E. J. Duff, of Glasgow, in 
a paper read some time ago before the West of Scotland Iron 
and Steel Institute. They are of considerable interest. 



Before weld. 


After. 


Before. 
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•52 


•03 


trace 
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•036 
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After. 



Steel, 

Carbon 

Silicon 

Manganese . . 
Sulphur . . . . 
Phosphorus 



The following are Tests of Iron: — 

Iron. 

Carbon 

Silicon 

Manganese . . 



Sulphur 
Phosphorus 
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•53 


•16 


•36 


•16 


•12 


•11 


•100 


•124 


•105 



•29 
trace 
•36 
•035 
•05 



•13 
•00 
•30 
•07 
•087 



The changes appear slight and are favourable, the resulting 
compound being nearer pure iron in each case, though for some 
purposes it would be better if the carbon and manganese were 
not reduced. 

SAMPLE. 

There are many other applications of arc welding. 
Experimentally, I have had aluminium welded by this 
process with fair success. 

LEAD WELDING. SAMPLES THIN AND THICK. 

There are two samples shown of welded lead plates for the 
joints of acid tanks, etc., very superior to and cheaper than the 
blow pipe welds usual with lead. The metal is throughout 
pure lead, no flux having been used. 

The repair of steel castings is becoming very common. The 
simple electric arc and single carbons being used by many firms. 
Blow holes are stopped up quite soundly and perfectly by a good 
electric welder, and subsequent annealing with haBmatite ore 
makes the weld invisible. 
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amount of current for the necessary beat. The current varies 
with the heat required. 

A suitable current for making the longitudinal weld of the 
barrel body exhibited, made of 14-B.G. steel, is about 200 
amperes by 80 volts. This is equal to about 21|-E.H.P., say 
27-1. U. P. Of course this is not applied all the time the weld is 
being made. The weld in question, about 2ft. long, occupied the 
operator from start to finish, including fixing on the anvil and 
taking off again, 15 minutes ; and the arc would be actually 
used about 5 minutes of this period. 

The fused welds require less current than the class of 
hammered weld referred to, and are very quickly done. The 
ends of this same barrel would be welded at the rate of about 
Gin. per minute. The actual speed of travel of the carbon 
round the end is often as quick as 12in. or 14in. per minute, 
but there are fixing and adjustment of parts, etc., to include in 
the welder's time. 

An angle weld, such as was made to complete the angle steel 
ring in the same barrel, would occupy the welder not more than 
10 minutes in all. It is a thoroughly sound hammered weld. 

THE PLANT. 

The plant required is very simple. A well designed and 
efiiciently governed engine, and a good continuous current 
compound wound dynamo of ample capacity, with the usual 
switchboard and measuring instruments, and a current regulator 
for each arc. In plants such as are used for this work the load 
varies enormously, and in older installations a large storage 
battery has been considered necessary, to keep a <3onstant 
load on the engine and so assist in governing its speed. 
It is, however, now possible to do without a storage battery, 
thus saving a large item in first cost of plant. In my opinion 
the engine and dynamo should be separate and a belt used to 
drive through, in preference to a direct coupled arrangement. 
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weld the nibs on the end of the shank. The shank bad to be 
turned to allow of a new nib being welded on. He tried to 
weld one on, with the drill fixed in one vice and the small 
portion of steel representing the nib in the other, but the 
sectional areas were so disproportionate that the smaller section 
got melted off before the other was red hot. 

He should like to know whether it was possible to weld on to 
a drill a nib which had been twisted off, without having to turn 
the shank up again. He did not mean a ^' botch *' job, but one 
that could be passed as all right and without any very rough 
surfaces. With regard to the application of electric welding to 
other work,, he might mention that they had about a dozen 2in. 
bolts to take out of a foundation, and had intended to drill 
them out with an electric drill, but as that operation would have 
taken a long time it struck them that they might do it more 
quickly by melting the bolts off with electricity from the dynamo. 

This was accordingly done, and the cost was only a third of 
what it would have been with drilling. There was one pecu- 
liarity about the effect of watching the welding on the eyes. 
He was wearing blue glasses at the time. They were so deep 
and dense that in ordinary daylight he could not discern objects 
with them at all. He found that he could look at the flame 
through them without any discomfort, but the day after his 
eyes were very much inflamed and swollen, accompanied by 
sharp smarting pain. In his opinion some kind of chemical 
rays came into operation to produce this effect, but he would 
like to hear the author's views on the point. 

Mr. J. VosE referred to a paper read by Mr. B. A. Dobson 

six or seven years ago, before the Institution of Mechanical 

Engineers. Practically all that appeared to be known now was 

in that paper, with the exception that now we had definite tables 

f the W required, &c. It was also pointed out that simple welds 
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He might also mention that only a month ago he was in a 
laboratory at Westminster where he had an opportunity of 
seeing another process of welding aluminium, and the operation 
was performed so effectively that when the rods came to be 
tested not one out of twenty-four broke at the weld. They all 
broke at distances of about 2in. to 4in. or 5in. from the weld, 
thus showing that the weld was perfect. In this case also there 
was no electrical apparatus, and no solder was used either in 
this process or that at Pittsburg. He thought that when they 
came to understand the question of temperatures more, in 
relation to metals, they might be able to obtain results in 
welding, which at present were not secured. 

Mr. J. E. Habdman said he would like to know if the author 
considered, in the case of the longitudinal hammered weld, 
where small pieces of steel scrap were used and a swage and 
light sledge hammer applied after heating, that the effect of the 
operation really went right through the metal. Some years 
ago he tried to weld the bolt flange on a stand pipe. He used 
small pieces of steel scrap as described, but he found that these 
did not amalgamate with the pipe, but came off after the 
experiment was finished. He used the Zerener process, with 
two carbons set at an angle of 90 degress. He might add that 
out of ten people engaged in the experiment nine had to be 
away the next day ; some had to go to the hospital. They used 
coloured glasses — red and blue, but some of them whose 
faces were so protected were burnt as if they had been in the 
tropics. He would like to know why there was such a great 
difference in the voltage required for the Thomson and the arc 
processes. As to riveted joints there was this to be said, they 
knew to a nicety what the strength of the joint was, but welds 
could not always be relied upon. Until they could be produced 
so as to be relied upon with something like assurance, he 
preferred the riveted joint. 
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told them that to weld a 2iii. bar required BO H' for so many 
seconds. It seemed to bim that engineers were bound in a matter 
of this sort to take into account what was likely to best suit 
their particular requirements. 

He had had some experience in having things electrically 
welded, and the results had varied. He remembered sending a 
screw that had accidently been broken to be electrically welded ; 
it proved a failure however, and a new screw had to be made. 
On the other hand a steel pinion about 7ft. or 8ft. diameter, 
that had been supplied to a cotton mill, became fractured 
in the rim after it had been at work some time ; they sent it 
to Sheffield to be electrically welded, and it continued to work 
until a new one was prepared and fixed. 

The author said he thought it would be best to drive with 
dynamo and engine separate through a belt, instead of a direct 
coupled arrangement. He (Mr. Saxon) would like to know the 
reason. Mr. Heaton gave as an instance of cast iron being 
welded the case of teeth broken from large cast iron spur 
gearing. It appeared to him that the repair could have been 
quite as inexpensively effected by ordinary methods, such as 
engineers generally adopted, by putting in brass or wrought 
iron teeth. It was worthy of note that ironfounders every day 
carried out some very successful "welds" or ** burns" in con- 
nection with castings. Some of the moulders were very clever 
in executing repairs in that way, and he was inclined to think 
that probably these were as successful in many instances as 
could be done by electric welding. He believed, however, as 
he had said before, that there was a distinct field for both the 
systems of electric welding, but he did not know whether it would . 
pay an engineering works, unless it was one of considerable 
magnitude, to go to the expense of laying down plant for the 
purpose, in view of the fact that it was not very often such an 
operation was required, although it was required occasionally. 
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it a complete metallic circuit, whereas in the other processes 
this was not the case. He might add that Galloway tuhes were 
often welded, and if electricity would he useful at all in 
connection with welding for hoilers it might come in there. 

Mr. Jos. BuTTEBwoRTH Said that to his mind the secret of 
electric welding, if they were to make it successful, was to get 
the two pieces of metal to a red heat right through, not 
simply an intense local heat which did not extend far from the 
point where the hreak in the metals occurred, as such a local 
heat meant the setting up afterwards of an immense contraction 
force which was bouud to cause fracture. Until they got 
a homogeneous heat through the metal they would never get a 
successful electric weld. 

The Chairman (Mr. Henry Webb) said he believed the late Sir 
B. A. Dobson was the first in this country to adopt the Thomson 
process of electric welding with any commercial success, and give 
them the benefit of his experience. Mention had been made of 
the welding operations at Johnstown. He had visited Johnstown 
and could support what was said about the welding there. In 
speaking of the longitudinal hammered weld, Mr Heaton said 
he used small pieces of steel scrap. It occurred to him that it 
might be better to use iron than steel, because it would contain 
practically no carbon, and would be fairly high in manganese, 
which was useful for welding. The table as to the analysis before 
and after welding was interesting, and he might call particular 
attention to the reduction in the amount of manganese after 
welding. With the consumption of manganese in the welding 
the material would lose a great deal of ductility, and conse- 
quently elongation. He would like to have some information as 
to the local strains set up by welding. Many of his friends had 
welded teeth in large rolling mill wheels, &c. He had however 
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in the manufacture of bicycle parts and fittings, the sheet steel 
of suitable quality is taken and stamped out to form head-lugs, 
crank hangers, pedal bands, &c., and the two edges of the thin 
sheeting are then electrically welded together by means of a 
special automatic Thomson electric welder. But by far the 
most interesting development in bicycle work has been the 
manufacture of the sheet steel tubing required for the frame- 
work of the machines. A.t the present moment bicycle tubing 
is being made commercially from homogeneous sheet steel, in 
thickuesses ranging from No. 22 to No. 10 B.W.G., the finished 
tubing being from fin. to 3}in. outside diameter, and in lengths 
up to 15ft., with a continuous running longitudinal weld 
joining the two edges of the strip of sheet steel, which, prior to 
welding, is passed through a special bending machine, so as to 
bring the two edges opposite one another, and a running 
'^ butt " weld is made to form the longitudinal seam. These 
pipes will stand any test that is required in practice, the weight 
is much less than that of ordinary gas pipe, the finish is better, 
and for that reason it can be more readily gilded, nickel-plated, 
or given other finish, than ordinary steam pipe. I may 
mention that I have in my possession many samples of tubes 
which have been expanded after welding, and one which has 
been enlarged from l^in to l^|in. outside diameter, without 
any sign of the longitudinal weld giving way. The tubes will 
also stand very severe bending tests. 

It will be seen that by the Thomson process, the welding of 
extremely thin steel sheeting such as No. 22 B.W.G., is a thing 
that is being done every day without difl&culty. In the same 
way as the tubing is made, steel cylinders are being constructed 
from sheets varying in thickness from yV^^* ^^ tV^*' *^^ ^^ 
diameters from lOin. to 36in. This new departure in the 
Thomson butt welding process opens up a wide field. The 
tubing so electrically welded has many advantages over other 



282 ELEOTBIO WBLDINO. 

else was done, but it was also trae that if they went the right 
way about it with the electric arc they could get a solid weld 
right through. 

The reservoir he had exhibited was a case in which painting 
the surface would have brought about failure, particularly in the 
corner weld. The end was made with a rather deep flange, and 
it was fitted tightly into the body when the body was welded up. 
The flange in the end was about 1^ to l^iu. deep. The end 
of the body was brought up above the corner, and the weld was 
first made inside so as to thoroughly weld the flange to the body 
inside, and then the body was welded thoroughly above the 
flange, and over the top ot the corner of the flange. If the weld 
had not been good throughout it would not have stood the strain 
it was subjected to. There was another point about a weld like 
that, it would not have been satisfactory if it had been simply a 
fused weld. Fused welds were all right in their place, but they 
would not do in a great many places. In the case in question 
hammering was used as the welding proceeded, and this was 
very necessary to make the quality of the metal what it should 
be for resisting strains. Wherever it was possible to get a 
hammered weld he should recommend hammering. 

He did not quite see there was anything particularly new 
about welding boilers. There were plenty of welds in boilers. 
He had a boiler at the works in which the Galloway tubes were 

welded. The flues were welded by gas, and the Galloway tubes 
on a coke fire. He was perfectly certain, although those welds 
were quite satisfactory, that the tubes could have been 
electrically welded more cheaply and with greater certainty 
than on a coke fire. Mr. Marsden spoke about the Thomson 
process being a great success. He was quite prepared to 
endorse the statement as far as his experience went. When, 
however, Mr. Marsden said arc welding was not a great success 
he could only say that if Mr. Marsden would come down south 
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The weld iu the barrel referred to certainly went right through 
the metal. The current passed from the metal to the carbon 
and the arc was struck iu the metal, so that it was saturated, 
as it were, with the current and also with the heat. 

The reason why the arc system required more voltage than 
the Thomson process had been already explained, namely, that 
there was not the resistance in the Thompson process that there 
was iu the arc system. They had the two metals in contact in 
the Thomson process, and therefore the resistance was com- 
paratively slight. In the arc system there was greater resistance 
and consequently greater voltage required to force the current 
through. He did not think it possible to make a satisfactory 
weld of any kind with the arc system if the amperage was less 
than about 50 and the voltage 65 to 70. He had not intended 
to make a strong point about the cast iron welding referred to, 
but simply wished to mention it as rather carious. In the case 
mentioned, putting teeth in a wheel, he should personally have 
more faith in a tooth thoroughly welded, or burnt in, than in one 
let or fitted in. The only advantage he knew of in using 
electricity for the purpose was that it could be taken to the 
wheel without shifting the wheel at all, and very little trouble 
was required to produce the heat necessary for doing the work. 

Mr. Neilson's remarks about metallic carbon were interesting. 
He had heard of it before. There was, he understood, a patent 
taken out a few years ago in Russia for using metallic carbon. 
The late Mr. Dickinson, of the Bowling ironworks, tried the 
same thing. He failed, so far as he could gather, because the 
metallic carbon was not big enough, and he melted it up much 
too quickly. 

As to the cost of twin carbon welding as compared with that 
of single carbon welding he had no definite information, but he 
did not see any particular reason why the cost should differ very 
greatly. He had never actually worked the twin carbon system 
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same, are either in hand or already delivered in stores. Depart- 
ments' order cards are of the same size and colour respectively 
as the original works' order card, but containing on the front 
side colunm spaces for order number, and when wanted by, date 
of deUvery, description of operation, and printed remark that 
the card must be returned with completed job to stores. The 
back of card contains assembly, number of, metal and piecework 
rate, illustrated by Fig. 2. 
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To easily recognise the various assembly sheets as to nature 
of orders, we enter those which contain brass parts only on 
green assembly sheets, while those consisting of brass, iron and 
steel, are made out on white ones. Each assembly sheet 
contains the following printed instructions for assembly clerk. 
Immediately on receipt of this assembly the castings and parts 
enumerated must be ordered from the various departments or 
entered on the shop requisition cards for purchase. The date 
of completion, and weights for all orders must be entered on the 
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PLEASE BEAD OTHER SIDE. 

When giving out the job the foreman fills out spaces for work- 
man's name, his check number, number of job, and description of 
operation of work to be done. Then, this card is sent at once 
to the stores, with an extra demand ticket, if necessary, to 
obtain the material wanted, the gross weight of which is entered 
on job card, and signed by storekeeper. The foreman now 
enters date and time of starting job on card and hands it to the 
workman. In this instance, the card illustrated is arranged 
with daily spacing for time from part of a day to four weeks. 
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Pig. 6. (Front.) 
JOB CARD. 



Marking- OUT. 



NAME OF FIRM. 



Begd. No. 



Description 



Commenced 



Total time 



Name 



Job No. 


Beference Bate 




Description 




Commenced 


Finished 


Total time 


Foreman 


Job No. 


Beference Bate 


Description 




Commenced 


Finished 


Total time 


Foreman 




Job No. 


Beference Bate 


Description 




Commenced 


Finished 


Total time 


Foreman 


Job No. 


Beference Bate 


Description 




Commenced 


Finished 


Total time 


Foreman 


Job No. 


Beference Bate 





Finished 



Foreman 



9^r please bead other side. 

Fig. 6. (Back.) 

Notice must be given to the Foreman in sufficient time 
before finishing a job, and on the completion Of it, this 
card must be returned to the Foreman, and signed by him 
before commencing the next job. 

No time must be checked at all by the Employee, as 
the Foreman alone is authorised to do so. 



OSOiNIZATIOK. 



Pio 7, (Back.) 



KotiM niut bfl givon to Uw Fixmiui In Bqffldvat time 
ir« flnl i hln g m job^ ud on the oompJedon of It, Uils MTd 
ft ba ntnmed lo Ibe Fonmu, and (i^iud ft|i Ua h</iin 
■uiKiiv lt< wil fab. 



Fis. 8. (Fbont.) 
DAY WOBK CHECK NOTE. 



Wotkman'B Nftme Hia No.. 

DeseriptioD 



QroBB Weight , .NeH Weight 

Commenced . . . . ~ 

FiniBhed 

Bate per Honr 

Time va Boiua 

Friday 

Sfttnrdft? 

Monday 

Tuesday 

Wednesday . . . . 

Thursday 

Total Time 

Total Wages Paid £ a. d. 

These cardn are collected every day ia each department, and 
forwarded to coat office. This is done most oonvenientl; shortly 
before closing time, and returned early the following morning. 



2S2 WOBKSHOP OROANIZATIOH. 

The cost clerk keeps a book oontaining all successive nambere 
of works' orders. Opposite each order number he enters the 
different numbers of workmen engaged in this works' order. 
He goea through them every daj when the job cards come in 
from the works for the purpose of adding an; further workman's 
nnmber who maj be engaged on the works' order. As each 
workman's check notes are kept in a divisiou marked with 
his nnmber, it is a very easy matter' for the cost clerk to refer 
at any time with the assiatanoe of his order number book 
which gives him every man's number engaged on the job, to the 
exact progress, or total prime cost of a job. The permanent 
record for the total prime cost of a job is kept on the prime 
cost note, also a card is printed in the four different ooloura 
as the works' order cards. Fig. 9 shows arraagement of 
Fig. 9. (Front.) 

M.O 

Desoription 



prime cost note. 
Assembly of Mateiual Used. 
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Should he have wounded the feelings of any member in this 
direction, he wished to tender his apologies, but oould not avoid 
pointing out that he had simply and truthfully stated his own 
experience regarding those factories with which he had been 
connected personally. 

He thanked them most cordially for the warm interest taken 
in this discussion. 

A cordial vote of thanks was passed to the author for his 
interesting paper and the proceedings terminated. 



1 Plate follows illustrating this Paper, 
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WORKSHOP ORGANIZATION. 
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Stock Parts. 



No. off 
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DESCRIPTION 
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No. off 



No. off 
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Wrought Iron and Steel. 



Orde{ 
Deli^ 



No. off ' Mark No. 



DESCRIPTION 



Rough Weig 



Assembly Completed, date 



Signature of Clerk 
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COUNCIL 

1902. 



Mb. £. G. CONSTANTINE. 

Utce<pre0{limt : 

Mb. HENBY HODGSON. 

Creaumrer : 

Mb. JAMES WALTflEW. 

SCnusteesf : 

Mr. T. ASHBURY Sir W. H. BAILEY 

„ J. WEST Mr. henry WEBB 

Mr. J. NASMITH. 



Mr. D. ADAMSON, Mr. H. N. BICKERTON 

„ 0. DAY „ G. DANIELS 

„ H. HALLIWELL „ G. SAXON 

Etbtartan : 

Mr. R. GASS, 
19, City Road, Higher Openshaw. 

Secretatg : 

Mr. FRANK HAZELTON, 
100, Ayres Road, Brooks' Bar, Manchester, 
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ANNUAL BBPOBT. 



It is with regret the (3oimoil have to record that during the 
year death has removed the following members, brief memoirs 
of whom are appended on pages 285-7 : — 



Christie, B. C. - 


Okehampton. 


Hall, John 


-  Bury. 


Potter, William • 


Manchester. 


Vioken, Michael 


Do. 


Widdowson, J. H. 


Do. 



The following gentlemen have resigned their membership 

daring the year: — 

Forth, F. C. - - Manchester. 

Parker. John - • Do. 

Thomas, H. N. - - - Huddersfield. 

Wenk, W. G. - - - Altrinoham. 

The following gentlemen have ceased to be members during 



the year:— 








Banham, James 


Sheffield. 




Earnshaw, E. - 


Heywood. 




Gates, E. J. 


Manchester. 




Lawrence, J. 


Do. 




Lees, Samuel - 


Oldham. 




Lewis, L. H. 


Manchester. 




MiUs, William - 


Do. 




Place, John 


Do. 



During the year, in addition to the ordinary meetings, the 
following Excursions and Social Gatherings have taken place, 
brief accounts of which are included herewith : — 

AprU 25.^-yisit to Preston : inspection of the Works of the Electric Railway 
and Tramway Carriage Oompany and the Electric Manufac- 
turing Company. Attendance 120. 



|17.— '^Hsit to Bedford: inspection of the Works of Messrs. W. H. 
Allon ^ Co., Limited. Attendance 50, 
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